Purpose Breast cancer treatments may lead to chronic pain. For some breast cancer survivors (BCS), this experience can develop into the perception of living with chronic pain. The majority of BCS are postmenopausal and have hormone receptorpositive (HR+) breast cancer requiring aromatase inhibitors (AIs). Neither the prevalence nor risk factors associated with the perception of living with chronic pain among this population are well defined. Methods We conducted a cross-sectional survey among postmenopausal, HR+ BCS who previously took or were currently taking AIs. The primary outcome was patients' perception of living with chronic pain over the past 6 months. We measured pain and demographic and clinical variables. Multivariable logistic regression analysis was performed to evaluate risk factors associated with the perception of chronic pain. Results Among 1280 participants, 167 (13%) reported having the perception of living with chronic pain before their breast cancer diagnosis; 426 (34%) reported this perception after completion of non-hormonal cancer treatment. Seventy-eight percent of BCSs reported experiencing at least one type of treatment-related pain within the past 7 days, with 23% experiencing at least three types. The most common types of pain were AI-induced musculoskeletal pain (49%) and pain at the surgery or radiation site (31%). Younger age (< 56), BMI > 25, and the perception of living with chronic pain before diagnosis were risk factors associated with the perception of living with chronic pain. Conclusions One in three postmenopausal, HR+ BCS considered themselves to be living with chronic pain. Effective interventions to reduce chronic pain are needed.
Introduction
In 2017, an estimated 252,710 new cases of invasive breast cancer and 63,410 new cases of non-invasive breast cancer will be diagnosed in the U.S. and, overall, approximately 40,610 women will die from this disease [1] . Although the majority of women diagnosed with breast cancer will become cancer survivors, many will experience late effects of their breast cancer treatment. Chronic pain is one of the most troublesome side effects of breast cancer treatment and has been associated with worse quality of life [2] .
Different types of pain have been reported as a result of breast cancer treatments. Chronic post-surgical pain has been reported in 25-60% of breast cancer survivors, and is consistently correlated with younger age and axillary lymph node dissection [3] [4] [5] [6] . Adjuvant hormonal treatments, including aromatase inhibitors (AIs), have been associated with persistent musculoskeletal pain in up to 47% of patients [7, 8] . Up to 58% of breast cancer survivors have reported long-term chemotherapy-induced peripheral neuropathy, with symptoms such as tingling, numbness, and pain [9, 10] . Post-chemotherapy arthralgia has also been reported, which usually improves significantly within 3 months of chemotherapy completion [11] [12] [13] . In addition, pain associated with rotator cuff syndrome and lymphedema have also been reported [14, 15] .
Previous work on breast cancer survivors' experiences of chronic pain has focused on separate pain symptoms related to the various types described above, and these symptoms have not been correlated with patients' overall experiences with the pain. Patients' illness perceptions have been found to play an important role in a range of health experiences and outcomes [16, 17] . However, the association between breast cancer treatments and the types of chronic pain they experience, as well as if they feel that they are living with chronic pain (have the perception of living with chronic pain) is not well understood.
Considering the significant number of breast cancer survivors affected by chronic pain and the multiple possible coexisting pain syndromes that may exist in a given patient, there is a dearth of research examining the overall experience of this often-debilitating experience. Our current study aimed to fill this gap by describing the prevalence of the perception of living with chronic pain and identifying the variables associated with having this perception among a large cohort of breast cancer survivors who were taking or had taken an AI. Going forward, the information generated from this study will enable us to identify both patients at a higher risk of developing the perception of living with chronic pain, as well as potential treatment targets and corresponding strategies for pain management. As such, our findings may help direct interventions to improve quality of life in breast cancer survivors.
Design and methods

Study population
All participants were patients enrolled in the baseline assessment of the Wellness after Breast Cancer (WABC) trial, a longitudinal prospective study focused on identifying biological determinants of symptom distress and disease outcomes in women with hormone receptor-positive breast cancer taking AIs. Details of the study design have been published previously [18] . We initially recruited survey participants from breast cancer clinics in an academic tertiary care teaching hospital and a community hospital between November 2011 and June 2014. Eligible participants were postmenopausal women aged 18 or older with a history of stage I to stage III hormone receptor-positive breast cancer who had taken or were currently taking an AI. Trained research assistants approached potential study subjects in the waiting areas of oncology clinics and, after obtaining written informed consent, asked participants to complete a survey. The Institutional Review Board of the University of Pennsylvania approved the study protocol.
Study variables
The primary outcome, the patient's perception of chronic pain, was assessed with the following yes or no question: "During the past 6 months, do you consider yourself to be a person who lives with chronic pain?" To understand the type of pain patients experienced, we asked them to list their painful symptoms and the medication that they had taken for pain within the past 7 days. In addition, we measured pain severity and pain interference with function on an 11-point numerical rating scale using the Brief Pain Inventory (BPI) [19] . Socio-demographic factors, including age, race, education, employment, and marital/relationship status, were also collected.
In addition, research assistants abstracted medical records to obtain clinical treatment characteristics, including most recent body mass index (BMI), time since diagnosis, treatment types [chemotherapy (yes or no), type of chemotherapy agent, type of surgery, reconstruction surgery (yes or no)], radiation (yes or no), and AI treatment-specific information. Since the existing literature indicates that previous pain experience is the most significant predictor of future pain [20] , we measured each patient's perception of living with chronic pain prior to breast cancer diagnosis with the following yes or no question: "Before your breast cancer diagnosis, did you consider yourself to be a person who lived with chronic pain?"
Statistical analyses
We performed statistical analyses using STATA 13.0 (StataCorp, College Station, TX). We summarized and reported demographic and clinical variables as well as study outcomes using standard descriptive statistics. Univariate logistic regressions were used to identify independent predictors of the perception of living with chronic pain. We built the multivariable logistic regression model with the perception of living with chronic pain versus no such perception as the dependent variable. Demographic and clinical variables associated with the perception of living with chronic pain at a p value of < 0.10 in the univariate logistic regression were included in the multivariable logistic regression model. Statistical tests were two-sided, and a p value of < 0.05 was considered statistically significant.
Results
Of 1518 consecutive patients screened, 1321 (87%) agreed to participate and provided consent. Among the 197 (13%) who declined (13%), the main reasons were lack of time to complete the survey (n = 62, 31%), did not want to participate in research (n = 85, 43%), and ineligible (n = 50, 25%). Additionally, 15 subjects withdrew from the study and 26 subjects did not return or adequately complete their surveys, resulting in the final sample size of 1280 (87% of eligible subjects).
Study population
Demographic and clinical characteristics of the study population are presented in Table 1 . The majority (56.3%) aged 56-70 years, were white (82.3%), overweight (29.4%) or obese (31.2%), and within 5 years of their cancer diagnosis (65.6%). At the time of the survey, 901 (70.5%) of the participants were currently taking an AI and 778 (60.4%) had been on an AI for less than 3 years.
Perception of living with chronic pain and characteristics of pain
Among the 1280 participants, 167 (13%) patients reported having the perception of living with chronic pain prior to their cancer diagnosis. At the time of the survey, after breast cancer diagnosis and completion of non-hormonal cancer treatment, 426 (34%) patients reported having the perception of living with chronic pain over the past 6 months. Among the 167 patients who reported having the perception of living with chronic pain prior to cancer diagnosis, 150 (90%) also reported having this perception after completion of nonhormonal cancer treatments. The most common chronic pain conditions prior to breast cancer diagnosis were lower back pain (88, 53%), osteoarthritis (85, 51%), and neck pain (41, 25%). In this cohort of patients, having undergone lumpectomy versus mastectomy did not affect whether or not they had the perception of living with chronic pain after their non-hormonal treatment (87.2% vs. 94.6%). Among the 1113 patients without chronic pain perception before cancer diagnosis, 275 (25%) reported de novo perception of living with chronic pain after completion of non-hormonal cancer treatment.
Overall, 1002 (78%) participants reported experiencing at least one out of six types of breast cancer treatment-related pain (listed below) over the past 7 days; 596 (47%) reported experiencing at least two types of pain, and 292 (23%) reported at least three types of pain over the past 7 days. Among these participants, AI-induced musculoskeletal pain, pain at the site of surgery or radiation, and neuropathy symptoms (tingling, numbness, or pain) were the most common types of pain reported (Fig. 1) . Patients with the perception of living with chronic pain reported a higher proportion of all six types of pain than those without such a perception (Fig. 1) .
Risk factors associated with the perception of chronic pain
Chi-square (χ 2 ) analyses (Table 1) showed that age younger than 56 years, BMI greater than 25, < 5 years since diagnosis, less than 3 years of duration on an AI, and having the perception of living with chronic pain before cancer diagnosis were all statistically significantly associated with the perception of living with chronic pain after cancer diagnosis and initial treatment (all p < 0.05). Importantly, race, education level, employment status, marital status, axillary lymph node surgery type, chemotherapy or radiation therapy, currently taking an AI or not, and type of AI were not associated with the perception of living with chronic pain. Having had a mastectomy showed a trend towards an association with a higher perception of living with chronic pain compared to having had a lumpectomy, but did not reach statistical significance. Having had reconstruction surgery showed a trend towards an association with a higher perception of living with chronic pain compared to not having it done, but did not reach statistical significance either.
After adjusting for socio-demographic and clinical covariates ( 
BPI and medication usage associated with the perception of living with chronic pain
Compared with patients who did not perceive themselves to be living with chronic pain, patients with the perception of living with chronic pain had significantly higher pain severity (mean ± standard deviation: 4.0 ± 2.1 vs. 1.7 ± 1.9) and pain-related interference (3.4 ± 2.4 vs. 1.0 ± 1.6) as measured by the BPI on a 0-10 point scale (Fig. 2) . At the time of survey, patients with the perception of living with chronic pain had higher pain medication usage compared to those without this perception (Fig. 3) . Importantly, 13.8% of patients with the perception of living with chronic pain versus 2.3% of patients without such perception reported having used narcotics/opioids within the past 7 days (Fig. 3) .
Discussion
To the best of our knowledge, this is the first study with a large sample size to assess patients' perception of living with chronic pain within the prior 6 months. Our study demonstrates that among breast cancer survivors treated with an AI, patients' perception of living with chronic pain almost tripled after non-hormonal cancer treatment. Importantly, 25% of such patients developed de novo chronic pain perception, suggesting that their chronic pain resulted from breast cancer treatments. Such a sharp increase in having the perception of living with chronic pain is likely due to the different types of pain that resulted from cancer treatments. By providing specific information about the types of conditions and impact of chronic pain perception, our results can help clinicians to better identify and manage chronic pain and factors associated with the perception of chronic pain among their patients. Echoing the recent ASCO clinical practice guideline, "Management of Chronic Pain in Survivors of Adult Cancer," our results emphasize the need for clinicians to screen for pain at each cancer survivor encounter and provide symptom-targeted pain management [21] .
Existing literature focused on post-operative pain has identified a number of potential risk factors for having this type of pain, including younger age, preoperative pain, acute post-operative pain, mastectomy, axillary lymph node dissection, chemotherapy, and radiation [3, 5, [22] [23] [24] [25] . Our study showed that the perception of living with chronic pain was not associated with the type of surgery (mastectomy), axillary lymph node dissection, chemotherapy, radiation, or reconstruction surgery. Importantly, current AI usage was not significantly associated with the perception of living with chronic pain among our cohort of patients. This highlights the complex, multifaceted nature of chronic pain among breast cancer survivors on AIs and suggests heterogeneity of sources of chronic pain in this population, including both AI and non-AI causes.
Consistent with prior literature [5] , our study showed that younger age is associated with the perception of living with chronic pain when adjusting for clinical and demographic factors only. This could be due to the fact that a higher proportion of younger breast patients have more locally advanced disease and tend to undergo mastectomy versus lumpectomy, receive chemotherapy, and have higher psychosocial stress. An additional study investigating the correlation between psychosocial factors and the perception of living with chronic pain should be conducted.
Also consistent with some prior research [26, 27] , our study showed a direct correlation between higher BMI and increased perception of pain. Chronic pain has been associated with pro-inflammatory states such as up-regulation of pro-inflammatory cytokines [28] [29] [30] . Obesity has also The bold italic value means <0.05 (statistically significant) been associated with elevated pro-inflammatory cytokines [31] . The elevated pro-inflammatory state may serve as a shared mechanism underlying the perception of chronic pain and obesity. Moreover, additional weight stresses joints more and may cause more pain. Lastly, patients with an increased perception of chronic pain are less likely to exercise and therefore, may be more obese. Additional studies to determine if weight loss interventions may help reduce chronic pain perception are warranted. In our study, the most influential factor for chronic pain after treatment was a patient's perception of living with chronic pain before cancer, which parallels the results of a longitudinal study conducted among breast cancer survivors in general [20] . While potentially impacted by recall bias, the effect was reinforced by a patient-reported chronic pain condition prior to diagnosis. Unlike most other risk factors, such as age and obesity, chronic pain prior to treatment can be addressed through an effective pain management plan. However, the current system tends to undermanage and undertreat these patients [32] . Our results further support the need for early integration of pain management into cancer care, especially in patients with chronic pain, prior to their cancer diagnosis. Our study showed that the perception of living with chronic pain is significantly associated with an over twofold increase in pain intensity and three times worsened interference with function (Fig. 2) . In addition, having the perception of living with chronic pain is associated with higher pain medication usage, with a sixfold increase in opioid usage (from 2.3 to 13.8%).
Our study's main limitation is that it was an observational cross-section study and, accordingly, we can only provide an association between groups and cannot conclude if any of the associations are causal. The selection bias inherent in a survey study was minimized by the high participation rate. The recall bias about pre-cancer pain is another potential bias and may over-exaggerate the association between precancer pain and post-breast cancer diagnosis pain. Another limitation was that our survey assessing the perception of living with chronic pain may be subjective and may not accurately capture pain. However, some literature suggests that the perception of an illness is a more important predictor of patient outcomes [16, 17] . Finally, the study is limited in its generalizability as it was conducted among breast cancer patients treated with an AI at a large, urban academic medical center.
Despite these limitations, our study is the first of its kind to analyze the perception of living with chronic pain among a large cohort of breast cancer survivors treated with an AI. We found that one in three women with breast cancer perceive that they are living with chronic pain. Younger age, higher BMI, and chronic pain prior to breast cancer were risk factors. In addition, having the perception of living with chronic pain was strongly associated with multiple types of cancer treatment-related pain, worsening pain, function, and pain medication use. These findings may help lead to the development of risk assessment models to manage pain among breast cancer patients being treated with AIs. As patients with chronic pain perception experience multiple types of pain for which they try multiple medications, our findings suggest that multi-model and team-based interventions may more effectively manage symptoms, and improve functions and quality of life for women with breast cancer. Fig. 3 Percentage of subjects using medication for pain management
